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Waveguide frequency-band/polarization splitter 

The invention relates to a waveguide firequenc^-band/potarization 
splitter. More particularly, the Invention relates to a linear-polarization splitter 
5 that includes waveguide filtering functions in order to split the transmitted 
waves and the received waves. 

Two-way satellite transmissions use different transmit and receive 
frequency bands. It Is known to use different transmit and receive 
10 polarizations. Moreover, when a frequency band is allocated, In order to 
meet high frequency and polarization separation constraints, It is Icnown to 
use a waveguide technology. Hitherto, this type of device has not been 
produced on a large scale and each component is relatively expensive to 
produce. 

15 At the present time, a compact high-performance splitter that can 

be mass produced for a low cost does not exist 

The invention proposes an optimized solution of a 
polarization/frequency splitter that requires no adjustment after production 

20 and can be produced entirely by moulding. 

The invention is a polarized-wave splitter comprising various 
components. At least one common waveguide has a cross section suitable 
for letting at least two different polarizations propagate, the common 
waveguide having first and second ends, the first end constituting a common 

25 input/output. A first slot is placed at the second end of the common 
waveguide, the first slot letting waves propagate with a first polarization. A 
second slot is placed on a lateral part of the common waveguide, the second 
slot letting waves propagate with a second polarization. A first transition 
region provides a change in waveguide cross section. A second transition 

30 region piDvides a change In waveguide cross section. A first waveguide filter 
has a first end connected to the first slot via the first transition region, and a 
second end constituting a first individual input/output A second waveguide 
filter has a first end connected to the second slot via the second transition 
region, and a second end constituting a second individual Input/output. The 

35 overall dimensions of the various components are such that the transfer 
characteristics of the splitter, within a transmit band and within a receive 
band, measured, on the one hand, t>etween the common input/output and 
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the first Individual Input/output and, on the other hand, between the common 
input/output and the second Individual Input/output, are better than the 
characteristics resulting from the sum of the characteristics of the 
components constituting the splitter, within the said bands. 

5 

The invention will be more clearly understood and other features 
and advantages will become apparent on reading the description that 
follows, the description making reference to the appended drawings in 
which: 

10 - Figure 1 shows the block diagram of the splitter according to 

the invention; and 

- Figures 2 to 5 show the four components that constitute the 
splitter according to the invention. 

15 Figure 1 shows the block diagram of the splitter according to the 

invention. The splitter comprises a common port (or common input/output) 
that is connected to a waveguide antenna component, such as a horn for 
example, and two individual ports (or individual inputs/outputs) that are 
connected, on the one hand, to a transmtt circuit and, on the other hand, to a 

20 receive circuit. The arrows indicated in Figure 1 merely have the purpose of 
Indicating the direction of travel of the waves for a given transmit or receive 
configuration. The direction of the arrows may be reversed without any other 
modification of the splitter, provided ttiat the transmit and receive circuits 
(and bands) are reversed. A polarization splitter 1 connected to the common 

25 port splits the waves coming from the antenna into two groups of waves 
having two different polarizations, in this case two linear and mutually 
perpendicular polarizations. A first transition region 2 is connected to the 
polarization splitter 1 in order to transmit (or receive) waves with a first 
polarlzatton that come finom a first end of a first filter 3. A second end of the 

30 filter 3 constitutes the first individual port. A second transition region 4 is 
connected to the polarization splitter 1 In order to receive (or transmit) waves 
with a second polarization and deliver them to a first end of a second filter 5. 
A second end of the second filter 5 constitutes the second individual port. 

One conventional approach with this type of device consists in 

35 choosing and dimensioning the various components individually and to join 
them together using a waveguide portion of constant cross section and 
having a length of at least A4/2, where Xg Is the wavelength specific to the 
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waveguide, in such a way that the various components do not nnutually 
interfere. The transfer characteristics of the whole assembly are then slightly 
inferior to the sum of the characteristics of the components talcen 
Individually. "Sum" should be understood to mean the combination of the 
5 characteristics, which is not a mathematical sum but rather the result of a 
product of matrices. The various components must therefore be Individually 
of very high performance so that the resulting assembly corresponds to the 
desired performance. 

According to the invention, the approach of dimensioning the 

10 various components is performed in an overall manner. Firstly, it is 
necessary to define what performance levels, in terms of characteristics, are 
desired. As an example, it may be desired to produce a splitter that operates 
In transmit mode within a frequency band between 29.6 and 30 GHz and, In 
receive mode, within a frequency band between 19.7 and 20.2 GHz. it may 

15 be desired to have a reflection coefficient of less than -30 dB for each of the 
ports, a transmission factor of greater than -0.8 dB between the common 
port and the first Individual port with the first polarization and in the transmit 
band, a transmission factor of greater than -0.8 dB between the common 
port and the second individual port with the second polarization and in the 

20 receive band, and a transmission factor of less than —30 dB between the 
common port and the second individual port with the first polarization and in 
the transmit band, a transmission factor of less than -30 dB between the 
common port and the first individual port with the second polarization and in 
the receive band, and a transmission factor of less than -60 dB between the 

25 first individual port and the second individual port, whatever the polarization. 

Next, technical choices based on the prior art are made. The 
polarization splitter 1 is, for example, a waveguide of square cross section 
having a lateral slot and a slot at one end. As known from the prior art, the 
use of a slot requires impedance matching, which is carried out using steps 

30 that produce waveguide/waveguide transitions 2 and 4. The filters 3 and 5 
are, for example, waveguide filters having poles, produced using waveguide 
E-plane stubs. 

Optimization starts from the principle that parasitic resonance, of 
capadtive or inductive type, associated with the various components can be 
35 introduced so as to favourably interact with the polarization splitter. The 
optimization then allows a saving of material to be made since the stubs 
used for linlcing become unnecessary. 
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The starting point of the optimization corresponds to a standard 
dimensioning operation. The polarization splitter 1 is produced as a square 
waveguide using slot coupling according to the rules of the art and covering 
precisely the Tx (transmit) and Rx (receive) bands with the best possible 
5 performance. 

Figure 2 shows a polarization splitter in perspective (Figure 2a) 
and In two side views at two different angles (Figures 2b and 2c). For the 
sake of legibility of this Figure 2 and the following figures, only the active 
wall of the components will be shown. However, Figure 2 and the other 

10 figures correspond to the components resulting from the optimization, and a 
few details will be explained as we go along. 

The polarization splitter 1 is a stub of square cross section, with 
sides C, one end 10 of which constitutes the common port, the other end 
being bianlced off and pierced by a first slot 1 1 of length an, width bn and 

15 thickness en. A second slot 12 is placed on one side of the stub at a 
distance dec from the bianked-off end of the stub so that the waveguide 
terminates in to a short circuit at the centre of the slot for the wavelength of 
the guided wave. The second slot 12 has a length af2, a width bfz and a 
thickness ec The waveguide length separating the end 10 from the slot is 

20 U. 

The choice of dimensions of the square waveguide depends on 
the cut-off frequency in the Rx band - It is necessary that the lundamental 
mode be propagative - and on the number of modes of higher order in the Tx 
band. In addition, it is necessary to have the smallest possible variation In 

25 the wavelength of the guided wave, which makes matching within the band 
easier. The latter condition means taking a waveguide whose dimensions 
are approximately 20% larger than the dimensions of the waveguide at the 
cut-off for the Rx band. 

In the present case, a waveguide having a large side of 7.7 mm 

30 gives a cut-off frequency of 19.5 GHz; a dimension at least 20% larger, but 
less than 10 mm, is chosen since the TE20 mode then has a cut-off frequency 
of 30 GHz. Our choice is therefore C = 9.6 mm. 

The dimensions of the slots are such that: af > A^/2, ar /bf > a/b, 
and bf is very small, Xm being the mean wavelength of the band to be 

35 transmitted, Sf being the length of the slot, bf being the width of the slot, and 
a and b representing the length and width, respectively, of a standard 
waveguide within the frequency band in question, such that only the 
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fundamental mode TEio can propagate. The equivalent circuit of such a slot 
at resonance Is given by the parallel LC equivalent circuit. By progressively 
increasing bf, the resonance condition means that Sf must Increase at the 
same time. Thus, from the known equivalent circuit diagram of the slot, C 
5 decreases and L increases, thereby producing the quality fiactor Q of the 
resonant slot (Q is proportional to the square root of C/L) and therefore an 
Increase In its bandwidth. This Increase in bandwidth Is to the detriment of 
the matching. 

The thlcl^ness of the slots must In theory be as small as possible 
10 so as to have the best coupling, however from the mechanical standpoint it 
must be at least the thickness of the wavegukie. The thickness of the slots is 
therefore chosen to be e^ ef2 = 0.5 mm. The thickness of the slot has an 
influence on the coupling selectivity; this is because the behaviour is no 
longer solely resonant and a propagative effect starts to form. This 
15 Immediately reduces the selectivity. The first dimensioning operation carried 
out according to the rules of the art results in: 

an = 4.77 mm bfi = 1 .96 mm 

Bf2 = 7.5 mm be — 0.66 mm 

Lq = Ag = 15 mm dec = = 3.75 mm. 

20 Because of the thickness of the slots, a waveguide effect occurs. 

It is for this reason that, in order to improve the matching, it Is necessary to 
use transitions in quarter-wave steps. 

These transitions were dimensioned using the weii-luiown 
quarter-wave matching technique, such as. for example, that indicated in 
25 ""Waveguide components for antenna feed systems: Theory and CAD" by 
Bomeman. 

There is one step for the first transition 2, corresponding to the 
first slot 11, and two steps for the second transition 4, corresponding to the 
second slot 12. 

30 The fact of having a single step at the first slot makes it possible, 

during the following optimization, to merge the first slot 1 1 with a waveguide 
cross section of the first transition region 2, this transition 2 being distributed 
over the component corresponding to the polarization splitter 1 and over the 
oomponent corresponding to the first filter 3. An earth plane 13 Is added at 

35 the end of the first slot 11 so as to produce the step with the stub of the first 
filter that is in contact with it However, in terms of the Initial data, a transition 
region consisting of a first stub 5.5 mm x 1.47 mm in cross section and 6 mm 
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In length and a stub 6.6 mm x 2.29 mm In cross section and 3.83 mm in 
iength is used. 

The second transition consists of three stubs, two of which are 
shown In Figure 3, the third stub merging with the stub of the second fiiter 5. 
5 Figure 3a shows the component of the second transition 4 in perspective 
and Figures 3b, 3c and 3d show this same component in three side views. A 
first stub 14 comes into contact with the polarization splitter 1. The first stub 
14 has a rectangular cross section with a long side of ati and a short side of 
bti and a waveguide iength of Ln. A second stub 15 follows the first stub 14. 

10 The second stub 15 has a rectangular cross section with a long side of ata 
and a short side of bt2 and a waveguide length of Lq. A third stub 16 is 
produced on the second filter 5, an earth plane 17 providing continully over 
the component shown In Figure 3. The third stub 16 has a rectangular cross 
section with a long side of ata and a short side of bo and a waveguide length 

15 ofU: 

ati = 7.9 mm bn = 2.55 mm 

Lti = 11-9 mm a© = 8.59 mm 

bt2 = 3.14 mm Uz = 7.8 mm 

ata = 9.28 mm bis = 3.72 mm 

20 Li3 = 6.36 mm. 

However, the slots contribute to the overall matching, and they 
must therefore be modified according to the quarter-wave transition 
Juxtaposing it An overall simulation of the entire system consisting of the 
polarization splitter 1 and the transitions 2 and 4 is carried out. Next, the 
25 dimensions of the slots and of the steps are adjusted so as to bring the 
measured characteristics back into line with the desired characteristics. The 
simulations and adjustments are repeated until an acceptable result is 
obtained. 

The splitter exhibits good performance, but does not by Itself 
30 ensure good rejection between the Tx and Rx bands. The filters are 
designed to add an attenuation that allows the desired characteristics to be 
achieved. 

In the illustrative example, waveguide filters having poles made 
from stubs are chosen. The filters were synthesized using the method 
35 described in Waveguide components for antenna feed systems: Theory and 
CAD" by Borneman. 
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The second filter 5 is represented in Figure 4, Rgure 4a sliowing 
a perspective view and Figure 4b sliowing a side view. Tiie second filter 5 
has two ends 16 and 18, which correspond to waveguides letting the Rx 
band propagate; as explained above, one of the ends constitutes the third 
5 stub 16 of the second transition 4. To achieve the required performance 
(evels, a three*i}ole filter produced from first to third E-p!ane stubs 20 to 22, 
which is placed on a central waveguide 23, is chosen. The central 
waveguide is coupled to the ends by two Irises 24 and 25. 

Preferably, the filter is produced so as to be symmetrical with 
10 respect to the central axis 26 of the filter, in order to make it as two identical 
moulded half-shells. To mal<e it easier to fit the half-shells of the filter 
together and to fit the filter into the frequence/polarization splitter, a filter that 
Is symmetrical with respect to a mid-plane 27 is produced. Thus, there is no 
fitting direction to be respected - the irises 24 and 25 are identical and the 
1 5 first and third stubs 20 and 22 are also identical. 

The width Bq of the filter remains constant over the entire length. 
The various components consituting tiie filter are therefore defined as 
follows: 

the first and third stubs 20 and 22 have a length Ltgi and a 

20 height htgi; 

the second stub 21 has a length Ltga and a height htg2; 
the central waveguide has a height hgc and the separBtion 
between the stubs conresponds to a length Ls; and 

the irises 24 and 25 have a height hi and a length L{. 
25 A dimensioning operation according to the prior art is carried out 

so as to have, for example, the following starting dimensions: 
Lfgi = 0.96 mm htgi = 7.34 mm 

L(g2 = 0.55 mm htg2 = 6.49 mm 

hgc = 1.45 mm l-s = 2.95 mm 

30 hi = 1 .03 mm U = 0.63 mm. 

The first filter 3 is represented in Figure 5, Figure 5a showing a 
perspective view and Figure 6b showing a side view. The first filter 3 has two 
ends 30 and 31 that correspond to waveguides letting the Tx band 
propagate - as explained above, one of the ends constitutes the second stub 
35 of the first transition 2. To achieve the required performance levels, a two- 
pole filter Is chosen, this being produced by first and second E-plane stubs 
32 and 33 connected together via a central waveguide 34. The first and 
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second stubs 32 and 33 are coupled to the ends 30 and 31 via two irises 35 
and 36. 

Preferably, the filter is made so as to be symmetrical with respect 
to a central axis 37 of the filter so as to malce it as two Identically moulded 
5 half-shells. To make it easier to fit the half-shells of the filter together and to 
fit the filter into the frequency/polarization splitter assembly, a filter Is 
produced that is symmetrical with respect to a mid-plane 38. Thus, there is 
no direction of fitting to be respected - the irises 35 and 36 are identical and 
the first and second stubs 32 and 33 are also identical. 
10 The width of the filter remains constant over the entire length. 

The various components consituting the filter are then defined as follows: 
the ends 30 and 31 have a length and a height h^; 
the first and second stubs 32 and 33 have a length Ln and a 

height hit; 

15 - the central waveguide has a height hi^c and the separation 

between the stubs corresponds to a length L^; and 

the irises 24 and 25 have a height hg and a length Ln. 
A dimensioning operation according to the prior art is carried out 
so as to have, for example, the following starting dimensions: 
20 aff = 7.112mm 

l-fe = 5 mm hfe = 3.556 mm 

La = 2.71 mm ha = 2.13 mm 

hf^ = 0.97 mm = 14.47 mm 

he = 1 .8 mm Ln = 0.52 mm. 

25 The optimization is then carried out by simulating the system 

consisting of the polarization splitter 1, the first and second transitions 2 and 
4 and the first and second filters 3 and 5. The slots 11 and 12 are then 
redimensioned, by increasing their lengths an and atz in order to increase the 
bandwidth, and therefore also increasing their width bn and bj2. For each 
30 step, the H-plane discontinuity (Inductive effect) and E-plane discontinuity 
(capacitive effect) are modified so as to have a matched overall LC circuit. 
The first stubs 20 and 32 (together with their symmetrical stubs 22 and 33) of 
the filters 3 and 5 are modified, so that the LC circuit equivalent to the first 
stub is matohed to the transition. 
35 The basic idea consists in introducing a mismatch into the plane 

of the slot in order to compensate for the mismatch of this slot, both In Tx 
and In Rx mode. The LC character of the slots will be modified so as to 
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obtain the bandwidth, the position of the band and the level of matching that 
are desired, the other parameters being modified in order to compensate for 
the mismatches created by the modification of the slots. Such a 
dimensioning operation results, In the detailed example, in the first slot being 
5 enlarged so as to merge with the stub of the first transition. 



As a result, the following final dimensions are obtained: 


an = 5.32 mm 


bn = 3.556 mm 


Bfi = 0.5 mm 


612 = 0.5 mm 


Bfz = 8.43 mm 


be = 1.65 mm 


Lg= 15 mm 


doc = 1.09 mm 


an = 8-5 mm 


bti =4.17 mm 


Lh - 0.96 mm 


Btz = 8.61 mm 


be = 4.318 mm 


Lt2 = 2.94 mm 


at3= 10.668 mm 


bt3 = 4.318 mm 


L|3 = 5.7 mm 


higi = 6.56 mm 


Ltgi = 1.36 mm 


htg2 = 6.81 mm 


Ltg2 = 1.21 mm 


U = 3.42 mm 


hgc = 1.48 mm 


L| = 0.8 mm 


h|=:1.29 mm 


air = 7.1 12 mm 


Lfe = 2.03 mm 


hfe = 3.556 mm 


Lfi = 2.7 mm 


ha = 1.86 mm 


hi^o= 1.16 mm 


Lfe = 14.14 mm 


ha = 1.8 mm 


U = 0.55 mm. 


At the end of the process, a set of components (slots, transitions 



25 and filters) that are dimensioned so as to be used in the 
frequency/polarization splitter is obteiined. However, these components, 
taken individually, are not efficient in the desired frequency bands. A person 
skilled in the art may even notice that the specific characteristics of each 
component do not allow a priori \he overall characteristics of the splitter to be 

30 obtained since their sum does not a priori allow the final characteristic of the 
splitter described to be obtained. However, the parasitic interaction of the 
various components does make it possible, by carrying out an overall 
dimensioning operation on the system, to achieve characteristics of a very 
high level. 

35 The invention is not limited to the embodiment described. A 

person skilled in the art may change certain elements, while stiil following 
the same approach. The type of waveguide filter used may be replaced with 
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any other type of waveguide filter. The square and rectangular waveguide 
cross sections may be replaced with circular and elliptical waveguide cross 
sections. 



I 



